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(57) Abstract 



A method of pasteurizing liquid egg products. The method comprises a heating step, followed by an irradiation step. 
The liquid egg product is irradiated with a dose of ionizing radiation insufficient of itself to pasteurize such a product. 
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A Process For The Pasteurization Of Egg Products 



Field of the Invention 
This invention relates to the pasteurization of 
egg products generally, and particularly relates to 
pasteurization methods which employ both a heat treat- 
5 ment step and an irradiation step. 

Background of the Invention 
The U.S. egg industry produced more than 300 
million pounds of frozen pasteurized egg products in 
1985. The relatively mild pasteurization processes used 
10 are designed to eliminate Salmonella from eggs, but do 
not destroy organisms capable of spoiling egg products 
held under refrigerated temperatures above freezing. The 
survival of spoilage organisms in pasteurized egg, 
coupled with conventional packaging technology, results 
15 in products with limited shelf life (7-14 days at 40* 
F.) that require freezing and frozen distribution 
systems for preservation. Freezing is cost intensive, 
lowers the functional quality (flavor, performance, 
etc.) of the egg product, and results in an inconvenient 
20 product that requires thawing prior to use. 

To produce a refrigerated liquid whole egg pro- 
duct, the product must be ultrapasteur ized to reduce the 
population of spoilage bacteria, rather than merely 
pasteurized to reduce the population of Salmonella . 
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Pasteurization techniques are generally discussed in the 
Egg Pasteurization Manual , USDA Agricultural Research 
Service (1969) (hereinafter "the Manual"). Heat 
pasteurization methods for. liquid whole egg products are 

5 discussed at pages 14 to 16 of the Manual , and radiation 
pasteurization methods are discussed at pages 20 to 21 
of the Manual. Interest in irradiation processes for 
these products was stimulated because of the heat sen- 
sitivity of these products, and by the desire to develop 

10 a "cold" treatment for the products. However, because 
doses of ionizing radiation sufficient to pasteurize 
liquid egg products lead to undesirable flavor changes 
in. the products, heat pasteurization has been the method 
of choice, and radiation pasteurization has been little 

15 used for liquid egg products. See also Recent Advances 
in Food Irradiation (P.S. Elias and A.J. Cohen, Eds. 
1983 ) ; Combination Processes in Food Irradiation 
(International Atomic Energy Agency Vienna 1981) 

Recent advances in heat ultrapasteurization 

20 procedures have enabled the production of relatively 
shelf-stable refrigerated liquid whole egg products. 
However, there is a continued need for techniques which 
can be used to provide products with still greater 
resistance to spoilage. 

25 The object of the present invention is, accor- 

dingly, to provide a method which can be used to produce 
pasteurized and ultrapasteurized liquid egg products 
which have good functional properties. 

Another object of the invention is to make use 

30 of available irradiation equipment, which has heretofore 
been considered of little use in the treatment of liquid 
egg products, in methods for pasteurizing and ultra- 
pasteurizing liquid egg products, and which does not 
lead to undesirable flavor changes in the product. 
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Description of the Invention 
The foregoing object is achieved by a method of 
ultrapasteurizing liquid egg products. The method com- 
prises the steps of heating the liquid egg product to a 

5 predetermined temperature for a predetermined time, and 
then irradiating the product with a predetermined dose 
of ionizing radiation insufficient of itself to 
pasteurize such a liquid egg product. The predetermined 
time, predetermined temperature, and predetermined dose 

10 of ionizing radiation are selected to provide a combined 
treatment sufficient to at least pasteurize the liquid 
egg product. The term "pasteurize," as used herein, 
means to provide a nine log cycle (9D), or 99.9999999%, 
reduction in Salmonella bacteria. 

15 This method is preferably used to ultra- 

pasteurize a liquid egg product which has already been 
heat pasteurized* more particularly, where the liquid 
egg product has been heated to a temperature and for a 
time sufficient to pasteurize the product. 

20 Any type of ionizing radiation, such as beta 

and gamma radiation, may be used to practice the present 
invention, with gamma rays being preferred. The precise 
dose of ionizing radiation will vary according to the 
particular egg product being treated. In general, doses 

25 less than about .4M rad are preferred, and doses less 
than about .2M rad are more preferred. As explained 
below, the egg product is preferably irradiated after it 
has been packaged. Commercial plants using cobalt-60 
sources to administer gamma radiation are presently the 

30 most available and most economical sources of ionizing 
radiation for treating food products, see , e.g. , 
Combination Processes in Food Irradiation , supra , at 
413-20, but a number of known means for administering 
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ionizing radiation can be used for practicing the pre- 
sent invention. 

While heat pasteurization may be carried out a 
number of ways, the liquid egg product is preferably 
5 heat pasteurized in a continuous flow system. In such a 
system the liquid egg product is passed as a continuous 
stream through a pasteurizing apparatus, during which 
the liquid egg product" is heated to a predetermined real 
temperature. More particularly, the liquid egg product 
10 is heated to a predetermined holding temperature, then 
maintained at the predetermined holding temperature for 
a predetermined holding time, and then cooled. The 
liquid egg product is preferably packaged after 
pasteurization, but before irradiation. To obtain a 
15 product having reduced levels of spoilage microorga- 
nisms, the packaging step, is preferably an aseptic 
packaging step. In addition, the pasteurizing apparatus 
is preferably sterilized with hot water, in accordance 
with known procedures, before the liquid whole egg pro- 
20 duct is passed therethrough. 

The accompanying figure is provided to aid in 
designing thermal processes for heat pasteurization for 
use in conjunction with the present invention. In con- 
tinuous flow equipment, the times and temperatures 
25 plotted on this graph should represent the equivalent 

time and temperature provided by the thermal treatments. 
Equivalent times and temperatures can be determined with 
the equivalent point method. Procedures for use of the 
equivalent point method for analyzing the thermal 
30 effects during continuous flow heating have been pre- 
viously provided. (Swartzel, 1982, J » Food Sci. 47 1 1886 
and Swartzel, 1986. J. Aqric. Food Chem. 34:397). 

Use of the equivalent point method is par- 
ticularly desirable when tbe thermal treatment is an 
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ultrapasteurization procedure (a procedure designed to 
decrease the numbers of spoilage microorganisms in the 
product to levels lower than obtained with a pasteuriza- 
tion procedure. 

5 Lines defining the approximate thermal treat- 

ments which provide a 0.5D, ID, 5D, 7D and 9D reduction 
in the spoilage microorganism Streptococcus faecalis are 
plotted, as well as the line defining thermal treatments 
which provides a 9D reduction in Salmonella » Treatments 

10 which provide a greater reduction in spoilage microorga- 
nisms such as S^_ faecalis are preferred. 

The thermal treatment should produce not more 
than a 5% soluble protein loss (SPL) in the product 
being pasteurized, and preferably not more than a 1% 

15 soluble protein loss. Previous work suggested that 

thermal treatments above the 5% SPL (Batch) line would 
not produce a functionally acceptable product. However, 
thermal treatments defined by points above this line can 
be used to produce an ultrapasteur ized product having 

20 good functional properties. The figure is based on stu- 
dies with liquid whole egg. Note commonly owned patent 
application Serial No. 904,744 of Swartzel et al . , 
titled "Method for the Ultrapasteur ization of Liquid 
Whole Egg Products," filed September 8, 1986. It is 

25 provided for its pertinence to this particular product, 
and for its usefulness to those skilled in the art for 
designing thermal treatments for other liquid egg pro- 
ducts. Liquid egg products which can be pasteurized by 
the method of the present invention include, for 

30 example, liquid egg whites, liquid plain yolk, liquid 

sugar yolk, liquid salt yolk, and numerous liquid whole 
egg products. Liquid whole egg products include, for 
example, whole egg, fortified whole egg (whole egg with 
added yolk), salt whole egg (e.g., salt 10%), sugar 
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whole egg (e.g., sugar 10%), blends of whale egg with 
corn syrup solids, syrups, dextrose and dextrins and/or 
gums and thickening agents, blends of Whole eggs with 
less than 1% sugar and/or salt, scrambled egg mixes (for 

5 example, a mix of about 51% egg solids, 30% skim milk 
solids, 15% vegetable oil and 1.5% salt), reduced cho- 
lesterol egg products and blends thereof, custard 
blends, and the like. 

The invention has been discussed with a degree 

10 of specificity above* This discussion has been provided 
for illustrative purposes only, with the scope of the 
invention being defined by the following claims. 
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THAT WHICH IS CLAIMED IS: 

1. A method of pasteurizing a liquid egg pro- 
duct, comprising the steps of 

(a) heating the said liquid egg product to a 
predetermined temperature for a predetermined time, and 

5 then 

(b) irradiating the product with a predeter- 
mined dose of ionizing radiation insufficient to cause a 
nine log cycle reduction of Salmonella bacteria in said 
liquid egg product, 

10 wherein said heating step and said irradiating 

step together cause at least nine log cycle reduction of 
Salmonella bacteria in the said liquid egg product. 

2. A method according to Claim 1, wherein said 
liquid egg product is heated to a temperature and for a 
time during said heating step sufficient to cause a nine 
log cycle reduction in Salmonella bacteria in- said 

5 liquid egg product. 

3. A method according to Claim 1, wherein said 
liquid egg product is packaged after heating the product 
and before irradiating the product. 

4. A method according to Claim 1, wherein said 
irradiating step is carried out by exposing the liquid 
egg product to gamma radiation. 
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